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RESISTANCE AND PORPOISING CHARACTERISTICS OF

THREE FLYING-BOAT HULL MODELS EQUIPPED WITH PLANING FLAPS

By F. W. S. Locke, Jr. and Jean A. Barklie

SUMMARY

.

This report presents the results of’exploratory model experiments on
the resistance and porpoising characteristics of flying-boat hulls equipped
with retractable planing flaps. The experiments were made in the course of
an investigation whioh had the twofold objective of developing a flap-hull
combination *ich would havez

‘@
1. With the flap extended, hump-resistance oharaoteristiosat least

equal to those of the seleoted reference ship, the XPB2M-1
flying boat.

2. With the flap retracted, much better upper-limit porpoising ohar-
acteristios at planing speeds.

Both of the above objectives have been realized with a planing flap
attaohed to the afterbody, about two beams abaft the main step of hulls
whioh have high upper limits of stability with no flap. Three oombina~ions
of hull and afterbody flap, together with possible operating procedures,
are suggeeted as having practical possibilities. These are disoussei on
pages 11 to 1S.

With the first tvm combinations, the hump resistance is about equal to
the corresponding value for the XPB2M-1 flying boat, and the peak of the
wrve of lower limits of stability is lower. By retracting the flap as soon
as planing is established, upper-limit porpoising is eliminated.

The above advantages of planing flaps when attached to the afterbody
were not obtained nhen the planlng flaps wre attaohed to the forebody.
Forelmdy flaps were found to have harmful effects on the hump resistance.
They lowered to a very appreciable extent the lower limit of stability at
moderate ad high:planing speeds, but had little effeot on the position
of either the peak of the lower-limit curve, or the upper-limit ourve.
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INTRODUCTION

,.

A etudy of prewioua~del tests of oertain flflng-boathull designs.
made both with the completehull and with the forebodyalone, suggested
possibilitiesfor improvedperformanceby the use of auxiliarytrim-control
devioesoperativeat speedsup to a little above the hump epeed.

The upper chart on the oppositepage shone the resistanceand porpoi*-
ing characteristicsof a conventionalflyingboat, the XPB2M-1, ●a deter-
mined at this Tank (reference 1), and the relation of these oharacteristios
to estimated aerodynamic control moments, thrusts, and so forth.

It will be seen from this chart that;

(a) The hump resistance in less than the available thrust. Therefore,
take-off is possible.

(b) The available control moments, over most of the range of planing
speeds, are sufficient to permit holding the trim between the
basic porpoioing limits~ Therefore, take-off substantially
free of porpoieing should be possible under ordinary operating
conditions.

(c) The triangles for optimum resistances at high planing speeds lie
between the basic porpoising limits. Therefore, trims nhich
are desirablefrom the point of view of’reaistanoedo not in-
volve porpoising.

Thus, the hydrodynamic characteristics exhibit no major defeots. On the
other hand, they cannot be said to provide sufficient margins, even for the
indioated gross load, and without considering higher loadinga. In partic-
ular:

fa) ‘fhe humpresistance is close to the availabletiru~t.

(b) The range of stable %rim angles is narrow (i.e., the range between
the basic porpoising limits).

(o) There is a short range of planing speeds just above thehumpuith-
in which the trim cannot readily be held above the lower por-
poisixlglimit. This rem~e may be especially important in prae-
tioe because, in accelerated take-off, the trim may be falling
from its peak value at the hump, thus providing an initial dis-
turbance to help induce porpoising.

.
The lower ohart on the opposite”page is a comparison of some of the

hydrodynamic characteristics for the complete hull, with oorrespcnding char-
acteristics obtained for the forebody alone, under otherwise identical oon-
ditione (reference 2). This comparison reveals at once that the afterbody
is useful only during the lower speeds of the take-off run and that ita
presence at higher speeds is entirely detrimental. It is clear that the
afterbody,
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(a) At

(b) Ak

(c) At

rest and at ‘displacementw

moderate speeds, up to the
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speeds, provides flotation,

hump, controls trim and resistance,
and prevents lower-limit porpoising,

high, planing speeds, is the direct cause of upper-limit por-
poising and somewhat inoreased resistances. (It may also be th6
oause of poor hnding characteristics. as is known from other
work.\

The ohart suggests that tie forebody - essentially a stepless, V-
bottom, plaaing boat with the oenter of gravity far aft - is the.main hull,
and that, at planing speeds, it is entirely self-sufficient and needs no
help from the afterbody. Worn this point of view, the afterbody is really
an appendage,the function of tiioh is to provide lifting foroe and noslng-
down moment until true planing of the main hull has ken established. If
the at%erbody performed this function adequately and without undesirable
oonsequenoes, it wuld constitute a satisfactory solution of the problem of
trim oontrol. Wt its performance is neither adequate nor without undesir-
able consequences; in other words, it has not reduced the hump resistance
to a matter of secondary importance and it has introduced upper-limit por-
poising.

Evidenoe exists (reference 2) to show that, in general, alterations to
the ai’%erbodyform whioh cause a reduction in the hump resistance tend also
to lower the upper lhit of stability, and &at alterations which raise the
upper limit of stability tend also to increase the hump resistance. It
appears, then, that the design of the afierbody is governed by two very
antagonistic considerations, and that neither is very well satisfied in ac-
ceptable conventional hulls. There may lx!exceptions to this general rule,
and better afterbody forms with respect to both considerations should be
sought. Howwver, the outlook for large improvements is not sufficiently
promising to justify disregarding other directions of attaok which may sug-
gest themselves.

The fact that, for best results, the afterbody ought to be much more
effective at moderate speeds and muoh less effective at high speeds natur-
ally suggests some sort of adjustment with speed. It iS obviously i~OS-

sible to oonsider an adjustable afterbody bottom - however desirable that
might be. It seems possible, however, to con~ider tie use of retractable
flaps - or, more strictly, planing surfaces - whioh, applied to a hull
having an afterbody sufficiently ineffective to elimlnate upper-limit por-
poising as a practical consideration at high speeds, would produce the
effectiveness at hump speeds needed to suppress lower-limit porpoising and
to reduoe the hump resistance.

The objeotive of the work considered in this report was to develop a
flap-and-hull combination having,

(a) With the flap extended, less maximum resistance than the XPB2M-1
hull in the region of the hump, in combination with,
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(b) A sufficiently low
th~ probability

.. ... .tho-peakOocurs

peak of the lower porpolslng limit to eliminate
of this type of porpoising in the region *ore
(near the hump), and

(a) Uith the flap retracted, upper limit porpoising ●t trim angle-
well dxne the normal operating range at all speeds in the
planing range.

“Wind tunuel investigationshave suggested (reference 3) that the
present conventional type of afterbody contributes a large part of the ex-
ces”s●erod smic drag of flying-boat hulls ae compared with landplane fUse-
1.0s+ as just been pointed out that the conventional type of after-
body has undesirable hydrodynamicc characteristics. Therefore, the logical
ultimate objective of a comprehensive study of flaps should be to develop
a flap capable of performing all of the uoeful hydrodynamic functions of
the conventional afterbody, and capable of being retracted into an after-
body which has low aerodynamic drag. Such an afterbody would presumably
have neither chines nor projecting planing bottom.

The work here considered was conducted under the sponsorship of, and

I
with the financial ●ssistance of, the National Advisory
Aeronautics.

I

Comnittee for

I DEVELOPMENT OF”INVESTIGATIO~

Three models were used in the present investigation. The flrot,
No. 339-7, uae used in a previous project (reference 2). Tho other two,
Nos. 408-1 and 522-1, were designed specifically for this Investigation.

Various designs and locations of flaps were tested, both on the
afterbody and on the forebody and with various angles of ●ttack end stem-
poat angles. The various angles are defined in the followlng sketch.

Afterbody fkp

~orebody fhp

Sternpost angle .

.
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It was pointed out in the Introduction that a suitable null for use
with flaps should have an afterbody sufficiently ineffective to eliminate
difficulty with upper-limit porpoising at high speeds. Since Model 339-7
(body plans and profile shown onpp. 19 and 20, respectively) fulfilled
this requirement - upper-limit porpoising occurring only at very high trim
angles (reference 2) - it wae selected for khe first trials with flaps.

This model has the hull lines of the XPB2M-1, but the afterbody angle is
raised from 7 to 12 degrees. The alteration, which left the step height
unchanged, was accomplished by rotating the afterbody about the petit of ,
intersection of “theafterbody keel with the main step. Increasing the
afterbody angle raised the upper porpoising limit to well above that of
the normal hull, but it also raised the peak of the lower-limit ourve, and
greatly increa6ed the hump resistance. It was hoped that, by attaching a
flap, both the hump resistance and the peak of the lowr-limit curve might
be materially lowered Wile, by retracting the flap at higher speeds, the
high upper limit could be retained.

The first flap tested (p. 27) was attac~ed to the forebody of this
hull and was set at an angle of attack of 10 relative to the forebody
keel. Thi6 flap, designated a6 Fl, was investigated, in combination with
the hull, for specific free-to-trimresistance at three longitudinalloca-
tio,n6,antifor porpoising at two of these locations. At all looation6
tried, it cau6ed large increa6es in hump resistance and had practicallyno
effect on the peak of the lower-limit curve. At moderate and high planing
speeds, it very markedly lowered the lower limit, but this -s not con-
sidered of importance in view of other di6advantagea.

The extremelyhigh hump resistance found with forebody flap Fl on
Model 339-7 indicated the improbability that sufficient improvements oould
be effected to make forebody flaps practical. It was therefore thought
advisable to place more emphasis on afterbody planing flaps in all further
experiments. A ne model was accordingly built tiich included provi6ion
for testing flaps in a wide variety of locations on the afterbody. The
afterbody of the new model was made about 4@ longer than that of the ref-
erence ship, so that the effect of the longitudinal flap location could be
fully explored. At the same .time, the afterbody angle was raised from 12°
to 14° to give better inmrance againet upper-limit porpoisingat high
6peeds. The 6tep height was left unaltered at ~ of the beam. The result-
ing model, which retained the forebody of the XPB2M-1, was designatedNo.
408-1 (pp. 19 and 20 show body plans and profile).

Two forebody flap6 (F2 and F3, 6ee pp. 29 and 31) were tested with
this model in an effort to improve upon the very high hump resistances.
However, the hump resi6tance6mre still so high that the investigationof
forebody flaps was discontinuedat thi8 point.

Five afterbody flaps (Al through AS, see pp. 3S to 43) were tested on
Model 408-1. The first tvm flaps (Al and A2) were investigatedat one
longitudinallooation to determinehow.much flap area would be required to
give reasonably low resi6tanoes in the hump region. The fir6t flap, ti,
was located beneath the sternpost of the hull, and had a triangular shape
so that it would closely fit the afterbody bottom of the hull when

,-
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retracted. The hump resistance with this flap was very high. It WaS

thought that if the area of the flap were increased, the running trim
angles, and consequently the re.sist.ante,might be lowered. Therefore, the
next flap, A2, was larger. The’increased area had borne‘beneficialeffect
upon the hump resistance, but the sharply pointed trailing edge of this
flap was apparently the cause of a very rapid trim oscillation - or
‘chatteringW - not previously found. It was hoped that the latter would be
eliminated if the sharply pointed trailing edge of the flap were cut off.
The third flap, A3, was designed Nom this point of view. It was located
at about the same longitudinal position as the first two afterbody flaps,
but its area was intermediate between them, and its after end was squared
off.. The reduction of area did not appreciably harm the resistance, and.
the’’chattering”waeeliminated.

The hump resistance was far from Satisfactory with any of these three
afterbody flaps - U, A2, or A3. However, it appeared from observations of
the tests that the high peak in the resistance curve at the hump might be
caueed by the forebody roach wetting the afterbody bottom,ahead of the flap.
So a new flap, A4, was constructed, having approximately the same area es
flap A3, but located much farther forward - quite near the step. In this
poeition, however, the roach built up by the flap wet the afterbody, and
the resistance remained high. A fifth flap, A5, again of about the same
area, was then locatedhalf%ay betweenthe previoustwo flap locations. It
was hoped that this flap would be far enough forward to prevent the fore-
body roach from striking the afterbody ahead of the flap, and at the same
time far enough aft to preventthe flap roaoh from strikingthe afterbody
aft of the flap. The tests supported the reasoning, for neither roach
struck the afterbody, and the resistance in the vicinity of the hump was
very much improved.

NOW that a reasonably good size and location for the flap had been
found, attention was focused on two rather objectionable features of Model
408-1 which were evident when it was used in conjunction with af’t.erbody
flaps. These weret (1) the unusually high pre-hump resistances; (2) the
fact that the model dove with many of the flaps tien they were adjusted to
low sternpost angles. It was thought that these two objections might be
overcome in a hull of somewhat different design, +ile retaining the good
points of the 408 flap-hull combinations.

The high afterbody angle of Model 408-1 was rather extreme~ it was
thaught that “amoderate reduction might lower the pre-hump resistances by
impeding the flow of water to the upper surface of the flaps. Consequently,
the afterbody angle of a new model, No. 522-1 “(bodyplana and profile on
PP. 19 ud 20) was reduced to 9°. Also, since the best longitudinal loca-
tion for the flap found in the case of the Model 408-1 had been about in
the middle of ita ●fterbodylength,there did not seem to be any reason for
extending the afterbody of the new model farther aft. Accordingly, Model
522-1 was designed to have an afterbody length 6@ of that of Model 408-1 -
a little shorter th~ the af’terbody of Mdel 339-7. A flap located at the
rear of the afterbody of Model 522-1 is the same number of inches aft of

- the main step as a flap at the optimum longitudinal location determined on
Model 408-1. The length of the forebody of the new model was made I@

longer than that of Model 408-1 in,an effort to overcome the ob~ection to

diving mentioned above.
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The new model, Model 522-1, equipped with flaps, ●ccomplished the -
desired results; the pro-hump re6istanoe8 of every combination were lower
than any flap-hull combination tried with Model 408-1 and, although diving
with low sternpost angles was not entirely suppressed, the tendency to
dive was much reduced. In addition, some reduction of true hump resistance
was accomplished.

From
practical
angle and

the standpoint of air drag, Model 622-1 would probably be a more
design then Model 408-1 because of the exaggerated afterbody
length of the latter. (See references 3 and 4.)

Note: The development of the program of testing for this l.nvestiga-
tion~escribed in more detail in three unpublished progress.reports by—
the Experimental Towing Tank, Stevens Institute of Techoiogy. Copies of
these reports are on file at the National Advisory
Washington, D. C.

Committee for Aeronautics,

mxxDuRE

The broad nature of the problems involved in the use of flaps indi-
cated that, in en initial investigation of the sort considered in this
report, emphasis should be put on exploring the possibilities of a fairly
large number of flap applications in brief fashion rather than on detailed
studies of a few flap applications. For this reason, the tests on each
individual flap-hull combination were much restricted in scope, and only
those tests which permit direct comparison with the characteristics of a
specific flylng boat, the xP82M-1, are included here.

The resistance tests were made with tie same apparatus as that used
for the l/30-scale mode18 comprising modification of the XPB2M-1 flying
boat in reference 2, end were conducted in the same manner. This means
that the loadings were in accordance with the test particulars given on
page 18, except that a parabolic curve (CAO = 0.89) was used. A few of

the early tests were made with somewhat different loadings, but the results
have been transposed by the method desoribed in reference 5 to be consist-
ent with all of the later data.

The porpoising tests were made with the same apparatus used for the
l/30-scale models comprising modifications of the XPB2M-1 flying boat in
reference 2, and were conduoted in the same manner.
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RESULTS

!fheretiulttiof ●ll the testi”are given on pagez 23 to ~“. The test
data aa obtained from the model teata axe plotted on the type of sunmary
chart used in referenoe 2. Besides showing the effeot of ohangea of aet-
tinga of oertain of the flaps, these chartm permit direct comparison of
the hydrodynamic characterietios oonaidered for eaoh caae with those of
the XPB2M-1 model selected as a reference. Comparisons between different
flap arrangements can be obtained by oomparing the varioua sheets.

Each chart gives the followinginformation

1. (M trim angle vs. speed grid

(a) Stability limits (for 2° oscillation)

(b) Free-to-trim track*

(c) Take-off trim tracks

2. On resistance vs. speed grid

Free-to-trim reaietancea

In addition to the above-mentioned data, a profile view of the model
is given which shows the relation of flap and flap setting to the hull.
Opposite each chart is E page giving additional pertinent information on
the test as well as a brief discussion of the results.

The results of tests with afterbody flaps suggeet at least three waye
in which such flaps might be applied in a practical design. The best flap-
hull combination tested to date in eaah category has been eelected to
Illustrate thetiethree ways. These are discuseed individually on pagea 11,
13, and 15, with charts on corresponding faoing pagea.

*The trim track corresponding to resultaht aerodynamic moments about
the center of gravity equal to zero, as obtained by interpolation. The
track is for the hull alone (plus flaps where used), not for the complete
air’plame.
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Resistanoc and l%rpoising Charaoteristlosof an arraqement of Flap and Hull for eaoh of Mode16 ‘g
408-1and S22-1,oomparedwith the oharaoterietiosof the XPB2M.1Model. Theseare the best cases ~
for eaeh modalwhen limitedto ● fixed-positionflapup to speedsof 19 feetper secondand the ftips
thereafterretracted. l!!l

~s Upper-llmit porpoisingwlll ooour above 19 feet per seroondif the flaps are not retraoted.
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‘Two-Position” Flap.- The opposite page shows the characteristics for
two arrangement involving the use of a flap fixed at one angle of attack
and one sternpost angle until the planing range is reached, at which time it
is retracted; “’Thebest case with “eachof Model.4’408and 522 is shown.

Take-off is possible with 408-4A5-40*, but not with 522-4A8-40 without
more power because of a high local peak in the resistance curve at about 9
feet per second. It is thought, however, that this peak might be reduced
very considerably by curving the leading edge of the flap upward slightly,
since the high-resistance peak is apparently caused by water passing over
the top of the flap. Such a change is not likely to harm the resistance
at other speeds, and if the peak were reduced, 522-4A8-40 would be somewhat
superior to 408-4A5-40 because of the better location of its free-to-trim
track, its much lower peak for lower-limit porpoising and its lower resist-
ance at other speeds.

Although the trim angle would reach very low values if the flap were
fixed at a single position until well within the planing range, it remains
low for only a very short speed range in the vicinity of 10 feet per second,
where use of the flap is contemplated.

*Model 408-1, angle of attack 4°, afterbody flap A5 and sternpost
angle 40.
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19 feet per second,after which it is rgtr~cteti.This metkvl gives the optimumresistanceover the whole
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sped range.
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Wulti-Positlonw Flap.- The opposite page shows the beat results ob- ,
taina%le”if the sternpost angle of tie flap is adjusted with changea of’
e$kd as indicated -“-the @lo of attack of the flaps remkining flxed~ how-
ever, as before. The oternpost angle is adjuated to obtain thebest reaist-
anoes throughout the speed range up to, and just beyond, the hump. The flap
is completely retraoted in the planing range just before the speed at whioh
upper-limit porpoising would commence with the flap down.

Of the two models, 522-4A6 haa the better reaiatance characteristic
over the entire speed range, even better Man tie hull of the normal XPB2M-1.
A further advantage of 522-4M is that ~he free-to-trim track with the flap
down pataes well above the peak of the lower limit and hence there would be
no danger of lower-limit porpoising in this region. A disadvantage common
toOboth models is that at speeds between 5 and 10 feet per second, the trims
are quite low and the bow spray in rtmgh water might be quite bad, though
this ia no mare serious than in the ‘two-position”caaes, page 11.

The resistance characteristics of both of the flap-hull combinations,
used in this manner, are somewhat better than those of the %wo-position”
oaaea. Neither of the “multi-position”flap cases has the high local peak
at about 9 feet per second; both have lower resistances between 5 snd 8 feet
per second. On the other hand, the %aulti-position”plan haa two obvious
diaadvantage6 compared to the %wo-poaitionitplan. The mechanism required
to move the flap up and down in the presence of comparatively large water
loada on the flap at hump speeds would probably migh considerably more than
if the mechanism were merely required to retract the flap in the planing
range. Secondly, the adjustment would require tie constant attention of ●

arew member to insure proper setting at each speed. Therefore, while the
‘%ulti-position “ flap is a little more attractive from the hydrodynamic
viewpoint, it is probably less desirable than the %wo-positionw flap from
the viewpoint of practicability.
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‘One-Position” Flap.- A third way of using an afterbody flap, whereby
he flap is left at one fixed position until the flying boat ia air-borne,
s-ehom-.on-theopposi-te-page. Of the various flap-hull combinations tried,
he only one which can be considered suitable for this plti is 522-0A6-20.
n this combination with tie flap set at a sternpost angle of about 2°, both
pper- and lower-limit porpoising are suppressed and, because of the length-
fiedforebody of Model 522 the low trim angles do not result in diving.
ternpost angles greater than 4° do not accomplish the purpose of eliminat-
fi!gporpoising and are therefore not considered here.

This case, with a 2° sternpost angle, has a higher hump resistance peak
Ian the similar peak for the best ‘two-position- case for Model 522; pre-
.unably,however, this might be corrected in the same way as previously sug-
?ated - by a small change in the leading edge of the flap. Also, at about
:]feet per second, the resistance starts to increase; if the resistance had
-en investigated at higher speeds it might have been i’ound too high to per-
It take-off with the available power.

The flap could be retracted after the flying boat is air-borne, end the
=chanism to do this would probably not need to be very heavy. Another pos-
mbility is that the flap coyld be jettisoned, and thus save not only the
~ight of any retracting mechanism but also of the flap itself. A third sug-
.stion is that the flap could be permanently attached to the hull and left
lere, though wind tunnel tests might well show this to be undesirable.

FURTHER DEVELOPMENTS
.,

Becauee of its very high afterbody angle, Model 408-1 would probably
ve excessive aerodynamic drag, and on this account it is not considered
itable for further work.

The afterbody flqps on kbdel 522-1, which are retracted in the planing
nge, seem to offer the greatest possibilities for furtk.erdevelopment.
wever, before they could be considered for adoption in a practicai design,
e pre-hmp peaks of their resistance curves would have to be materially
duced. At the same time, bow spray in rough water and the main spray
smacteristics ought to be investigated. It is not believed that the land-
g characteristics are likely to offer any great problem since the flap
uld be left retracted throughout the landing maneuver. The resistance and
rpoising characteristics obtained to date are sufficiently encouraging to
rrant fhrther work along the lines mentioned.
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The ‘one-positionn flap on Model 522-1 offers some possibility for fur-
ther improvement, although at the present stage of its development it has
little to recommend its use in a practical design. Its hump resistances are
too high, and it is”impossible to predict what kind of landing character-
istics would be obtained if it were found undesirable to jettison the flap
or unnecessary to retract the flap for aerodynamic reasons. Because of the
very low trim angles at high speeds, the possibility of broaching might be-
come a ruling considerationand certainly should be investigatedbefore
undertakingany further work with this type of flap. If, however, the di-
rectional stabilitywere found reasonably satisfactory,then further work
might profitablybe undertaken.

~ether the flap is retracted in the planing range or in flight, fur-
ther work must be done to determine the contribution of the flap to the
total water-borne load supported by the flap-hull combination. Preliminary
experiments on flaps having poor resistance characteristics indicated that
about 3W. of the total water-borne load may be supported by the flap for a
short range of speeds near the hump. Inasmuch as this is about 20 tons for
a flying boat of the size of the XPB2M-1, it seems likely that the flap and
its mechanism will be quite heavy; this may turn out to be the factor con-
tro~ling whether or not flaps can successfully be applied to practical fly-
ing boats.

The ultimate objective of the flap investigationis to develop a flap
that will serve the useful hydrodynamicfunctions of the afierbody of a
flying-boathull and will retract into an afterbody which is better aerody-
namically than are present-dayafterbodies. The advantagesto be gained if
this were accomplishedappear great enough to justify further investigations
of retractableplaning flaps, even though present results indicate that con-
siderablework may be necessary before flaps can be termed practicable.

Note: Since the investigations on forebody flaps (reported here) were
made,=eport has been published (reference 6) on the use of a retractable
planing flap, instead of a fixed step, on a seaplane. The primary purpose
of this flap was to enable the step height to be varied during the run up
to take-off, so as to combine the lcw hump resistance which is associated
with low step height with the low resistance and good stability characteris-
tics at higher speeds which are associated with high step heights.

COIK2LUSIONS

The following conclusions may be drawn from the results of the tests
made to date:

1. There is little to recommend the use of forebody flaps of the types
tested in view of the fact that their hump trims, hump resistmces, md
peaks of the lower trim-limit-of-stability curves are much higher than those
of the XPB2M-1 model. However, it should be noted that, for the form
tested, the lower limit is appreciably lowered at speeds above the peak and,
at moderate and high planing speeds, the position of the upper limit is
about 4° above that of the XPE2M-I.

.- -----
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2. It appears to be possible, with certain combinations of hulls and
afterbody flaps, to produce resistance end porpoising characteristics which
are equal to, or better than, those of the XPB2M-1 model. In particular,
certain combinations (pp. 11 to 15) have been tested which, in comparison
with the

(a)

‘(b)

(c)
.

XPB2M-1 model, have
.

About the same resistance characteristics

General absence of upper-limit porpoising

Lower trim limits of stability considerably below practicable
free-to-trim tracks

Experimental Towing Tank,
Stevens Institute of Technology,

Hoboken, N. J., August 30, 1944.
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PARTICULARS AND SPECIFICATIONS (Normal? ‘Fullsize

XPB2M-1

R2i;i78

L!odel

Navy Designation
Martin Model No.
Martin Drawing No.

339-1
1/30

Stevens Model No.
Scale 1

5.40
●2.O

5.0
0.27

Beam at main step, in. ... . . . . . . . . . . . . . . . 162
Angle between forebody keel and base line, deg . . . . . 2.0
Angle oetwsen afterbody keel and base line, deg . . . . .
Heignt of main step at keel, in. R
Center,of gravity forward of main ;t~p. . “ . . “

. . . .

(26.58 percen,tM.A.C.), in.
Center of gravity above base lin;,.i;.. : : : : : : : : : 14:07

2.33
4.89,

Grossweiht,A, lb . . . . . . . . . . . . . . . . . . . 140,000
$Load coef icient, CA (seawater) . . . . . . . . . . . 0.s9

Moment of inertia in pitch, slug-ftz. . . . . . . . . . 1.366 x ;Oe
lb-in.= . . . . . . . . . .6.328%109

5.L8 f.w.

260

Ring area, S, Sqft.. . . . . . . . . . . . . . . .
Mean aerodynamic chord, M.A.C.,. in. , . . . . . . . .
Iiorizontaltailarea, sa ft . . . . . . . . . . . ..:
Distance, center of.gravity to 35 percent M.A.C.
horizontal tail (tail length), ft . . . . . . . . . .

3683
249
508

63.6

Q

. . . . 5.477

. . . . 3.0 x 10

. . . . 9.()x 1(Y

,... 27.0 x 105
,... 81.0 x 10+
. . . . 243.0 X 10s

4.092
8.30
0.565

2.12

m.. . -. --

. . .

Ratios ‘ULL-SJLG
%odel

Of speed, ?!Ia. . . . . . . . . . . . . . . . . .
Oflengtk, A . . . . . . . . . . . . . . . . . .
Of area, Az
Of volume, A5.: : :: : : : :: :: : : : : : : :
Of moment, A+ . . . . . . . . . . . . . . . . . .
Ofmoment of inertia, As . . . . . . . . . . . .

. . .

. . .

. . .

. . .

. . .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

line.

Aerodynamic characteristics

CL ‘0 (relative to base line, flaps 30°)atT=o

dCL/dd. . . . . . . .. . . . . . . . . . . . . . .

1.585

0.1045

0.0150

8020 X V

1.585

0.1045
0.0150

9.90% 10-3V

23.74
1.890

8,8

dC;cG/ddBL= dCMcG/d~ (aV.) . . . . . - . . . . . .

dM/dq,’* lbftsecjradian . . . . . . . . . . . . .

130
1.890

8.8

339-1

5.40
2.0
5.0

18.60
14.85

0.27
6.19
3.44
2.75

Get-awayspeed, fps . . . . . . . - . . . . . . .
G?t-away CL . . , . . . . . . . . . . . .?.. .
Get-away7, deg . . . . . . . . . . . . . . . .’.
. .
Model dimensions 40s-1

5.40

1:::
18.60
20.25

0.27
7.19
3.44
3.75

522-1

5.40
2.0

2;:i3
12.25
0.27
6.24
3.97
2.27

339-7

5.40

1:::
18.60
14.e5
0.27
6.19
3.44
2.75

!3eam at main step, in.
Angle between forebody ke&.~d”b&; ii;e; ~eg*. : :
Angle between afterbody keel and base line, deg . .
Forebodylength, in. . . . . . . . . . . . . . . . .
Afterbodylength. . . . . . . . . . . . . . . . . .
Stepheight, in. . . . . . . . . . . . . . . . . . .
Hulllength/beamratio. . . . . . . . . . . . . . .
Forebody length]beam ratio . . . . . . . . . . . . .
Afterbody lengthlbeam ratio . . . . . . . . . . . .

.

● All trim angles measured relative to the base

‘** Contribution of horizontal tail surlTaceonly.
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Figo 4

PLAN VIEW OF
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DETAILti ‘RESULTS

The results of the tests are given on the following pagea, and are
presented on the same type of chart as was used in reference 1. Eaoh chart
permits direct comparison of the hydrodynamic characteristics of the case
considered with the reference fl~ng boat, the XPB2M-1.

Resistances are based on a “parabolic” unloading curve corresponding
to the normal particulars of the XPB2M-1 with a static load coefficient,

%o = 0.89.
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The page opposite gives the bare-hull hydrodynamic character-
I.stiesof the three models used in this investigation. The three
models were designed to eliminate difficulty from upper-limit per.
poising. (See page 19 for bbdy plans.)

Porpoising

Both the upper limits and the peaks of the lower limits are at
higher trim angles than those of the XPB2M-1 model in all three of
the models with flaps retracted. The first, Model 339-7, has the
highest lcwer-limit peak. Although its upper limit is at very high
trim angles, the speed at whioh it starts is very close to the peak
of the lower limlt, so that the stable range of trim at that speed
is quite narrow.

No upper limit was found for Model 408, the seoond flap model~
either it doesn~t exist or it is beyond the range of moments generally
used in testirqgat this Tank. The peak of the lower limit of Mmiel
408 is at a somewhat lower speed and lies between that of Models 339-7
and 522.

The upper limit of Model 522, the last flap model, lies halfway
between the upper limits of Model 339-7 and that of the XPB2M-lj it
starts at about the same speed as the upper limit of the XPB2M-1 and
does not appear to go all the way to getaway. The peak of the lwer
limit of Model 522 ocours at approxi~tely the same speed as that of
the XPB2M-1~ the trti angle at whioh it ooours is apprmimtely the
sam as that of Model 408.

Resistance

The hump resistances of all three flap models are substantially
higher than that of the XPB2M-1. Although they intertwine, the three
curves follow eaah other quite closely.
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Forebody flaps F1 were two inohes s~are and were itiependently
hinged to the forebody at their leading edge, one on enoh side of
the keel. Three longitudizml looations were ooneidered; leading
edges four inches forward of the step, two inohes forward of the
step, and at the step, (designated respectively Fib, Flo, and Fld).
All three looations were tested for resistanoej only the first two
for porpoisingm

Porpoising

For flap positions b and o there was$

1. little or no improvement of the undesirably high peaks
of the free-to-trin traok and lower-limit peak
exhibited by the bare model.

2. a marked lowering of the lower-limitat speeds above
the peak of the lower limit.

\

For position b there was no upper limit up to 17° of trim.

For position cothe upper limit was about the same as for the
model bare, about 4 above that for the XPB2M-1 model.

Resistance

For all three flap positions the hump resistance was higher
than that of the bare model - approaching Imice that of the XPB2M-1.
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Forebody flaps F2 differ from F1 flaps in that they
are 1.S5 ixwhes long by 2.82 inohes tide instead of 2.00
imhes square. The leading edge is hinged at the min step.
Tgstsowere msdg for resistance at three angles of attack,
o ,5@and 10.

Porpoising

No tests were made.

Resistsme

For all cases tested,the hump resistance is considerably
higher than that of the XPB2M-1 model although at speeds
above the hump the resistances drop sharply, those of the
high angles of’attack becoming l.owerthan the XPB2M-1
resistance ●
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Forebady flaps F3 had the sam length as F2 but the width
was 2.00 inqhes instead of 2,82. The flaps =~hinged at a
distance of 1.35 Inohes forward of the main step so that the
trailing edge~adjaoent to the step when retraoted.o Tes&
were mode for resistance at three angles of attack, 5 ~ 10 ,
and 15 .

NO tests were made.

Resistance

This flap arrangement had hump resistmoes somewhat lower
than those of the F2 flap arrangement althaugh still quite a bit
higher than that of the XPB2M-1 malel. Again,for s eds above

rthe hump$the resistance tended to be lower thantha Of’tie ~~~
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This first ai’terbodyflap, Al, was 4 inches long with a
shape such that it oould retraot flush to the afterbody bottom.
The pointed trailing edge in the retracted position is adjaoent
to the sternpost. Th flap was mounted so that adjustment could
be made both to the angle of attack and the sternpost angle.
Te6ts were xmde for resistance for various sternpost angles, all
with an angle of attaok of 4 .

Porpoislng

No tests were nmde.

Re8istanoe

~ the four sternpost angles tested, 4°, 6°, 8°, and 100,
the 8 ease had the lowest hump resistance but this was about

50~ higher than that of the XPB2M-1 mcdel.
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~safterbody flap, A2,was made 6.65 inohes lcmg
instead of the 4 inohes of the previous one. It was also laid
at so that it would retraot flush with the af%erbody and with
the trailing point adjaoe!xtto the sternpost. Adjustments
wuld be made to the angle of attaok and to the sternpost
angle. Tests were made for resistanoeoonly, for various stern-
post angles with the angle of attaok 4 in all oasee.

NO tests were made.

Resiatanoe

Increases of sternpost angle resulted in decreases in hump
resistance - 10° having a peak about 2@higher than the hump
resistance of the XPB23!-1model. There appeared to be a cross-
over, however, at about 11 feet per seoond~ resulting In increased
resistames for higher sternpost angles.

Above 10 feet per secorxithis combination exhibited a tendenoy
to “ohatter* - a very rapid trim oscillation of about 1/2° amplitude.
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Flap AS differs from Flap A2 by the omission’cf the after-
end which was thought to be responsible for the chattering exhibi-
ted by the tests with the Flap A2 combination. Porpoising was
investigated beoause resist=oes were moreopromising. As before,
the angle of attaok was held oonstant at 4 and the sternpost
angle varied.

Additional
mcue vertically

Forpoising

Decreasing

porpoising tests were runwith the flap fres to
against a spring.

the sternpost angle reduoed the peak of the levier
trim-limit of stability, but also lowered the free-to-trim track
in all cases to a position below the liner limit peak. The upper
trim limits of stabili~ also were laered with decreases in
sternpost angles, in most cases to lower than the XPB2M-1 upper
1imit.

It wasonot po~sible to obtain lower limits for sternpost
angles d’ 2 and 4 as the mcdel dove,

Allowing the flap to move vertically inoreased the amplitide
of the porpoising considerably but did not appreciably alter
either the speed range or trim range of porpoising.

Resistance

The hump resistance for all of the cases tested were oon-
siderably’ higher than that of the XPB2M-1 modelo At speeds above
the hump there appeared to be some improvenmxt in resistance.

The chattering exhibited by the pretious flap was absent in

this oaseo

8

.
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NACA ARR NO. 4H30

Flap A4 had about the same area as A3. It was mounted
far forward on the afterbody in order to correct the bad feature
found with A3, namely, the main-step roach hitting the afterbody
forward of the flap and washing over the flap.

Porpoising

The porpoising characteristics for this ease are nck very
different than those for the A3 flap combination. The peak of
the lcxaerlimit is slightly lower than that of the XPB2M-1
lmt the free-to-trim track is also down. The upper limits are
low but short in speed range.

Speoial porpoising tests were also made of this case with
the flap free to move vertically against a spring. Fcr these
tests there was no inorease in the amplitude of the porpoising,
although the range of speeds over whioh porpoising occurred was
inoreased. It appeared from these speaial tests of flaps A3
and A4 that there was no advantage in allwing vertioal motion of
the flap.

Resistance

The hump and pre-hump resistances are all high, about twice
that of the XPB2M-1.

Moving the flap forward successfullytook care of the roach
from the main step but the roach of the flap now hit the after-
body just fwward of the sternpost.
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.

Flap AS had about the sam area as flaps A3 and A4. It
was looated about half way between the positions of those
two flaps in the hope that it would be far enough forward so
that the main step rmch would not wash over the top of it
and far enough aft so that its own roach would not hit the
afterbody. Tests were made for both resistance and porpoising
at two angles of attack and at various sternpost angleso

ANGLE @ ATTACK = 0°

Porpoising

The lower sternpost angles show some promise. The peak
of the lower limit “hasbeen reduced to well below that of the
XPB2M-1 model. While the upper limits are low their speed
range is high enough in speed to allow time, in an aotual take-
off, for retracting the flap, before upper-limit porpoislng
startsa There is
with 2 sternpost
diving.

Resistance

Reduotion in

neither upper-
angl~,although

nor lower-limit porpoising
there is a tendenoy toward

sternpost angle reduces the hump resistance
to about that of the XPB2M-1. The hump is at a l-&er speed
and the pre-hump resistances are higher.

The difficulties experienced with the roaohes in the
tests of the previous flaps were absent for this present ease.
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Porpoising

NACA ARR NO. 4H30

ANGLE OF ATTACK = 4°

Increasing the angle of attack had little effect on the
lcmer limit. The start of upper-limit porpoising was delayed
by about three feet per second. This case begins to open up
som possibility of improvement of porpoising by retracting
the flap at about 17 or 18 feet per s’econd. The only difficulty

is that the free-to-trim track still passes slightly below

the peak of the lower limit and that there is some tendency

toward diving for low stempost angles.

Resistance

This is the first flap-hull combination exhibiting prac-
tioal re8istace characteristics. The resistance hump is
shifted down in speed causing higher resistance than the
XPB2M-1 up to eight feet per seoond, and lower beyond that.
The reduction of resistance at the upper speed =d is abouk
equal to the increase at the lower end.
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44 NACA ARR No. 4H30

Flap A6 had about the same area as th previous three
flaps (used on Model 408). Its distanoe from the step was
the same as that of flap A6 used with Model 408.

Tests were -de for both resistance and porpoisingat
three a~les of attaok with various sternpost angles.

ANGIS W ATTACK = 0°

l’hepeak af the lower-limit ourve was lowered markedly
with decrease of sternpost angle. No lower limit was found
with 2° @xwnpost angle. Th free-to-trim traok still passes

slightly below the peak of the lower limit ourve.

For 6° sternpost angle, the upper lindt is about two
degrees lower than for the XPB2M-1 and starts at about three
i’eet~r seomd lowm speed. No upper limit was found for 2°
and 4“ sternpost angles.

No diving tendemy at any of the

Reslstanoe

Resistanoeq are about comparable
although there Is a sharp 100al peako

four sternpost angles tested.

to those of the XPEZM-1,
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&WIE OF ATTACK = 4°

were mde only az stern-

The inorease in angle of ●ttaok lowered very slightly
the peak of the lower limit for 4° sternpost angle. The most
@ortant effeot wus that the free-to-trim traok was well
●bove the lmr limits here was no lower-limit porpoising fOr
stempost angles of Oo and 2°0

The inm%$ase in mgle of attaok brought out upper-limlt
porpoising with 4° sternpost angle for a short range of speeds,
hit h~h enmgh in speed to be elimimted ~ retraoti~ the
flap. There was no upper limit porpoising for sternpost
angles of 0° and 2°.

2E!3E
There was som diving tendenoy for the 1ow stempost aq les.

Re6istanee

The change in angle of attaok had little effeot on the
resistance oharaoteristics. Coxqmred to tb XPB2M-1, the
resistances for tk 4° sternpost q le are the met favorable.
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ANGLE C@ ATTAOK = 8°

For this angle of attack te ts wer8
~ made for porpois-

ing at stempost angles of 0°, 2 and 3 .

Porpoising

There was no porpolsing for 0° and 2° sternpost angles.

There was.diving in all eases.

Resistaxme

The increase in angle of attack e~minated the high
local peak in the resistance ourves. The average resiatamees
were somewhat highere
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F1.cure18 Figure 19
In order to obtain some idea o; the forces iWOIVed in the operation of a f’hp, Model No.408-1WaE ewipoed with a dyncunomete? to measure the :;
load on the flap. The abovechartegivetheresultsof these tests made over a range of speed and sternnost angle with flaps A3 and A4. a
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